Background Health risk appraisal (HRA) is an effective tool for lifestyle modification. We updated a national HRA using Robbins' method and tested its validity for predicting mortality.
Introduction
The National Health Insurance Corporation (NHIC) of Korea is the nation's only public health insurer and covers the entire population as a compulsory social insurance system. NHIC provides a free, basic routine health checkup program to adult subscribers at least every other year. The results of this health checkup are delivered to subscribers through the mail; however, simple notification of the results has not been successful in motivating subscribers to change their health risk behavior. To enhance behavioral changes, NHIC decided to develop a health risk appraisal (HRA) by using the results of the health checkup program. The development and validation of the original version of HRA was described elsewhere. 1 HRA is a risk reduction tool in which an individual's health-related behaviors and personal characteristics are compared with mortality statistics and epidemiologic data in order to estimate his or her risk of dying in some specified future time along with the amount of that risk which could be eliminated by making appropriate behavioral changes.
delivering individuals' health risks and possible outcomes from these risks and for motivating lifestyle modification in Korea. With this background, we updated the national HRA and created its web-based version for the up-to-date death statistics using the Galler-Gesner table.
Despite the ease of administration and relatively low cost, HRA has been challenged by its accuracy in predicting mortality. 11, 12 Accuracy is an important prerequisite for trust and acceptance of an HRA. Hence, we also performed a validation study to assess it using 8-year mortality data. In this article, we briefly describe the process of HRA update and test its validity by comparing the difference in 8-year mortality among different chronological age and health age categories.
Methods
Update of the HRA Selection of health-risk factors During the basic health checkup, subscribers are asked to complete a questionnaire about their medical history, family history, smoking status, alcohol consumption and physical activity. Their height, weight and blood pressure (BP) are measured and venous blood is drawn for laboratory analysis. Additionally, urinalysis, stool occult blood test and chest X-ray are performed.
There are many criteria for selecting risk factors, including the quality of evidence linking precursors to disease, modifiability, conformity with national priorities and data availability. 13 Considering these factors and the nature of the NHIC routine checkup, we selected the following risk factors: smoking, drinking, physical activity, familial history, body mass index (BMI), BP, fasting blood glucose and total cholesterol. We analyzed the national life table for the year 2003 14 and the annual report on cause of death statistics, 15 and selected all diseases with a .1% impact on total mortality according to age brackets starting at age 30 with 5-year intervals. We excluded diseases that were non-specific or had no applicable risk factors (such as homicide); finally, we obtained a list of 32 causes of death.
Selection of the major causes of death

HRA age table
The Geller-Gesner table represents the probability of death from specific diseases for a specific duration among a specified age and sex group. 16 We made Geller-Gesner tables for Korean men and women with the above selected major causes of death. These tables show the following statistics for each 5-year age and sex group: (i) major causes of death, (ii) 10-year mortality rates (deaths per 100 000 person-years) for each cause of death and (iii) the proportion of each cause of death among that specific age and sex group. We created an HRA age table from the Geller-Gesner table using an interpolation technique to show age-and sexspecific 10-year mortality rates over 1-year intervals.
Selection of risk factors and their relative risk for major causes of death We determined the relative risk of each risk factor for the major causes of death on the basis of the results of published articles. If there were multiple studies addressing the same risk factors/diseases, we first chose well-designed cohort studies of Korean populations, then meta-analyses and lastly case-control studies of Koreans. If there were no studies involving Korean subjects, we attempted to choose studies with Asian subjects. Three family physicians at the Seoul National University Hospital reviewed various studies and chose the most appropriate study for determining each relative risk based upon methodology checklist by Scottish Intercollegiate Guidelines Network.
Standardization of relative risk
Usually, the reference range for each risk factor from the literature was a normal group (for various tests or measurements) or a non-exposed group (smoking, alcohol use, family history). However, the reference group for HRA should be the 'average group'. 17 To standardize the relative risks, we used the Second Korea National Health and Nutrition Examination Survey (KNHANES II) data 18 and defined an average range of each risk factor for each sex and age group. An interpolation technique was used to calculate the standardized relative risks.
Calculating health and target age
We standardized the relative risks according to the average risk in the total population of each 5-year age and sex group. We then calculated the composite risk using the method described by Robbins and Hall. 19 We could calculate the 10-year morality risk for an individual by using the Geller-Gesner table and composite risk. The age from the HRA age table with a 10-year mortality risk closest to the calculated mortality risk of each individual was defined as the 'health age' of that individual. We also calculated the 10-year mortality risk of an individual if modifiable risk factors were improved. The age from the HRA age table with a 10-year mortality risk closest to the calculated mortality risk of each individual after improving modifiable risk factors was defined as the 'target age' of that individual. For example, if a person with BMI 29 but no other risk factors runs this HRA, his health age would be high because of his high BMI. When calculating target age, his BMI is set to normal range (,23 for Koreans), and calculation process itself is the same as health age.
Validation of developed HRA
Study population
We used data from adult NHIC subscribers who had a routine health checkup in 1996. Details of the cohort selection method (Korean National Health Service study), the health examination and the brief questionnaire have been published previously. 20 Briefly, all subjects had health examinations at medical institutions equipped with standardized, high-quality laboratories authorized by the Korea Association of Clinical Pathology and the Korea Association of Quality Control. A trained nurse at each medical institution measured subjects' height and weight while they wore light clothing and no shoes.
We excluded subjects with insufficient data (such as incomplete questionnaire or laboratory data). We also excluded those subjects who were likely to have acute disease or unstable disease, resulting in exceptional laboratory results (very high or low BP, blood glucose, cholesterol, etc.). We also excluded mortalities during first 6 months after the examination. This left a study population of 1 353 559. We ascertained fatalities from 1996 to 2004 from the Korean National Statistical Office and the death benefit records of the Korean National Health System. BMI was calculated as weight/height 2 (kg/m 2 ). Hypertension was defined as a systolic BP 140 mmHg or diastolic BP 90 mmHg; stages of hypertension were further classified according to the Seventh Report of the Joint National Committee on the Detection, Evaluation and Treatment of High Blood Pressure criteria. 21 By using National Cholesterol Education Program guidelines, 22 serum total cholesterol was classified as desirable (blood cholesterol ,200 mg/dl), borderline-high (blood cholesterol 200-239 mg/dl) and high (blood cholesterol 240 mg/dl). By using American Diabetes Association diagnostic criteria, 23 diabetes was defined as a fasting blood sugar 126 mg/dl.
Statistical analysis
First, we determined the difference between chronological age and health age (CA-HA) and divided CA-HA into four categories, namely, 2, 1 to 21, 22 to 25 and 26. We compared the difference in 8-year mortality across these categories by using the x 2 test and linear-by-linear association test. We then compared the predicted 10-year mortality (P%) with the real 8-year mortality (R%) according to CA-HA categories. We performed all analyses with age (5-year interval)
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Results
Update of HRA Figure 1 shows the result of an HRA. The result first shows ages: chronological, health and target. Next, the major causes of death and their relative risks are shown. To motivate risk factor modification, we listed the risk factors and their contribution to one's target age when he/she changes the risk factors (by, for example, quitting smoking, starting to exercise or improving glucose control). We also presented a table of risk factors and their ideal levels, and highlighted risk factors currently affecting each individual in red.
We also assembled educational materials on the risk factors and linked them to the results page and designed a page showing the comparison between previous and current results for patients who have been previously examined. 
Validation study
The mean age of the study population was 43.3 years. According to laboratory findings, most of the subjects were in relatively good health; they tended to be non-obese, non-hypertensive, non-diabetic and non-dyslipidemic. However, with regard to health-related behavior, 57.68% of male subjects were current smokers and 45.51 of males and 77.51% of females reported almost no regular exercise ( Table 1) . As CA -HA decreased from 2 to 26, 8-year mortality also increased in all sex and age strata ( Table 2 ). This finding indicates that in the same age and sex groups, subjects with higher HA have higher mortality than those with lower HA. When we compared R% with P%, R% was 6.3 in men and 2.5% in women. P% was 2.6 in men and 1% in women. The difference between R% and P% in each age stratum increased with increasing age. In the same age stratum, the difference was greater in those individuals with higher HA (Table 3) .
A Cox proportional hazard model showed that as CA-HA decreased from 2 to 26, the cumulative survival rate was significantly decreased (Fig. 2 and Table 4 ).
Discussion
Update of HRA The goal of the periodic health examination of asymptomatic adults is to prevent morbidity and mortality by identifying modifiable risk factors and early signs of treatable disease. 24 However, a simple delivery of the results of periodic health examinations does not readily facilitate lifestyle changes. The main purpose of the HRA is to motivate individuals to participate in activities aimed at changing lifestyles and improving health. Our national HRA, by showing health age and target age according to modifiable risk factors, emphasizes the importance of risk-factor modification. As shown in previous studies, 25 -27 employees who used HRA showed statistically significant improvement in health age compared with those who had not. We can also expect significant improvement in health age in those who use the information from our HRA, which delivers educational materials about their risk factors as well as the results of the HRA.
Our national HRA has been developed using data from a basic routine health checkup program provided by NHIC at no cost to all adult subscribers; thus, it is applicable to the great majority of Korean adults. The credibility of our HRA is also increased by its basis in national statistical data such as national life tables, the annual report on cause of death statistics and KNHANES II.
Because we developed the HRA using mortality data of past several years, it is necessary to regularly update the HRA database and logic to ensure the accuracy of the HRA. First, the program should reflect annually released mortality data. Second, we should update relative risks according to the most recent results from well-designed studies and attempt to develop better methods for calculating composite risk.
Validation study
Although many HRAs are currently in use, only few validation studies have been published. 11, 12 We performed our validation study using data from routine NHIC checkups, which are a good representation of the adult Korean population, so that the results of the validation study would be applicable to most Korean adults. Our study showed that an individual with higher HA tended to have higher 8-year mortality in all age and sex groups. The HRA-predicted 10-year mortality (P%) was also relatively well correlated with the observed (real) 8-year mortality (R%). When we divided CA -HA into four groups, there was a significant difference in cumulative mortality during the 8 years of follow-up period that increased with time (Fig. 2) .
P% was higher than R% in all age and sex groups, and the observed difference increased as CA increased and CA -HA decreased. This difference is due to several factors. First, our HRA predicted 10-year morality, but the mortality data were available for only 8 years. If we could follow-up patients for .10 years, the difference between P% and R% should dramatically decrease, because cumulative mortality increase exponentially with time. Second, a systemic error in Robbins' methods causes the composite risk to tend to increase more than the real risk as the number of risk factors and the relative risk increase. This trend has also been observed in other HRAs. 11, 12, 28 Third, the mortality of the validation group was probably lower than the general population. People who participate in the NHIC routine health checkup program are relatively healthy, because people who are already admitted to hospital or have a serious disease do not usually participate in this program.
Considering the 8-year follow-up period and abovementioned reasons, the overestimation we observed in P% [ 2.5 times R% (1.5 times if follow-up period is extrapolated to 10 years, data not shown)] was not considered to be too large.
An 8 year of gap between the validation study population (1996) and the development study population (2003) can be another explanation for difference between P% and R%. There had been change in top 10 disease-specific mortalities: 19.7% increase in cancer, 44% increase in diabetes, 36.4% increase in chronic pulmonary disease, 24.5% decrease in liver disease, 22.5% decrease in hypertension, while cerebrovascular and cardiovascular mortality was almost the same.
This HRA permits the accurate prediction of future mortality using current health-related risk factors and basic laboratory findings. These results demonstrate that individuals whose HA exceeds their CA are at higher risk, and the larger the difference between the two values, the greater is their expected mortality risk. The accuracy of our HRA suggests that it may be an appropriate method for identifying high-risk populations for health intervention and for motivating high-risk individuals to risk factor modification.
A comprehensive intervention is necessary for life style change and risk factor modification, but HRA and personalized health report can achieve some improvement in risk factors. 29 Though NHIC does not deliver a comprehensive Male Female Fig. 2 The age-adjusted cumulative survival rate by CA-HA. 
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